Previously, we isolated and examined a bacterial strain designated as TM-I-3, belonging to the genus Bacillus, from soil in Nagasaki, Japan. This bacterium was able to inhibit the growth of molds, without coming into direct contact with them. Non-contact antifungals are capable of providing multidirectional inhibition and may contribute to disease prevention. In this study, we revealed the bacteriological properties of TM-I-3 and evaluated the antifungal activity of the compounds emitted from this bacterium. In addition, we analyzed the antimicrobial substances released from TM-I-3 using GC/MS to elucidate the mechanism of its action. Antimicrobial compounds from strain TM-I-3 were identified as acetic acid, propanoic acid, isovaleric acid, 2-methylbutanoic acid, and benzaldehyde, which are all reported to have antimicrobial activity. TM-I-3 demonstrated possible efficacy in inhibiting the growth of Aspergillus fumigatus, Cladosporium cladosporioides and Penicillium expansum, which may lead to inhibition of common fungal contaminants of household products and prevention of some pulmonary diseases.
INTRODUCTION
Several studies have reported that some Bacillus bacteria have antimicrobial and antifungal activity Cubeta et al., 1985; Ferreira et al., 1991; Todorova and Kozhuharova, 2010 . All studies have so far shown that antibiotics produced by Bacillus strains inhibit the growth of fungi and bacteria upon contact. However, it has also been reported that some bacterial strains, including Bacillus sp., produce volatiles that are highly inhibitory to specific bacteria and fungi Howell et al., 1988; Fiddaman and Rossall, 1993 . Although antibacterial activity of essential oils by gaseous contact is wellknown, the advantages of non-contact antimicrobials and antifungals are the provision of inhibition from all was amplified by PCR using PrimeSTAR HS DNA Polymerase Takara Bio Inc., Shiga, Japan and the primers 9F and 1510R. Purified PCR products were sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kit Applied Biosystems, CA, USA , according to the manufacturer s protocol, and the primers 9F, 785F, 1099F, 536R, 802R, and 1510R. Sequence reactions were electrophoresed using the ABI PRISM 3130xl Genetic Analyzer System Applied Biosystems, CA, USA . The resulting sequence data were aligned manually in ChromasPro 1.7 sequencing software Technelysium Pty Ltd., Tewantin, Australia and compared with representative 16S rRNA gene sequences of the most closely related organisms. For comparison, 16S rRNA sequences were obtained from the bacterial identification DNA databases DB-BA 10.0 Techno Suruga Laboratory, Shizuoka, Japan and the International Nucleotide Sequence Databases DDBJ/ GenBank/EMBL . The 16S rRNA gene similarity values were calculated by pairwise comparison of the sequences within the alignment.
Morphological studies
The determination of the morphological features of the studied strain was performed with the aid of a microscope BX50F4 Olympus, Tokyo, Japan .
Physiological and biochemical studies
Firstly, the catalase reaction, oxidase reaction, acid, and/or gas production from the glucose test and oxidative-fermentation glucose test were performed commercially by Barrow s methods Barrow and Feltham, 1996 . Secondly, carbon and nitrogen assimilation, oxidation-fermentation, and enzyme activity were examined using the API 50 CHB kit bioMerieux, Lyon, France . Additional tests for examining growth under anaerobic conditions, growth at a temperature of 20 , growth at a temperature of 50 , growth on 5% NaCl, hydrolysis of casein, and hydrolysis of starch were also performed.
Antifungal activity with direct contact with the subject
Each sterilized antibiotic assay disc GE Healthcare UK Ltd, Buckinghamshire, England was placed onto the center of potato dextrose agar medium upon which each tested fungus was applied. Several drops of sterilized water were placed onto the disc, and then approximately 0.01 g of perlite powder inoculated with TM-I-3 and incubated at 37 for 24 h was added. Sterilized perlite powder was used as a control group. The plate was incubated at 27 for 7 d. After 7 d-incubation, the area of every fungal colony was measured using a Foxit Reader® Foxit Japan, Inc., Tokyo, Japan . directions and ease of handling for disease prevention Inouye et al., 2001; Ács et al., 2018 . Making use of those advantages, there have already been some products introduced to the market as microbial material for living spaces but there is, as yet, not enough clear evidence for the active microbial compounds and safety of these products.
We isolated a strain of bacteria belonging to the genus Bacillus, designated as TM-I-3, from soil in Nagasaki, Japan and found that this bacterium could inhibit the generation of some molds, without coming into direct contact with the subject Ikari and Sato, 2016 . Therefore, the purpose of this study was to reveal the bacteriological properties of Bacillus strain TM-I-3 using 16S rDNA gene sequencing and morphological and physiology-biochemical studies. In addition, we analyzed the antimicrobial substances released from this bacterium using gas chromatography and mass spectrometry GC-MS in order to elucidate the mechanism of its action.
MATERIALS AND METHODS

Microorganisms
The Bacillus strain TM-I-3, which was used in this study, was isolated from soil in Nagasaki, Japan and supplied by Mr. Masao Ikari of T. M. Enterprise. The soil sample was mixed with 0.2 M phosphate buffer solution and was heated for 10 min at 80 . The sample was spread, after vigorous shaking, onto a nutrient agar plate 05514, Nissui Co., Ltd., Tokyo, Japan . Thereafter, the sample was incubated for 24-48 h at 50 , and each single colony formed on the plate was determined as consisting of either gram-positive or gram-negative bacteria using Gram s method. Each gram-positive bacterium was picked and spread on a TSAII 5% sheep blood agar plate 252201, Becton Dickinson and Company, Tokyo, Japan and non-hemolytic bacteria were picked to select the Bacillus strains. One obtained strain, TM-I-3, was chosen as safe and appropriate for identification and further experiments.
Fungal strains
Aspergillus fumigatus NBRC 33022 , Cladosporium cladosporioides NBRC 6348 , and Penicillium expansum NBRC 5453 were provided by NITE Biological Resource Center NBRC .
Identification of Bacillus isolate TM-I-3 at the species level
Identification of the chosen isolate was carried out commercially on the basis of 16S rDNA sequences. Briefly, DNA was extracted using achromopeptidase Wako, Osaka, Japan , and the 16S rDNA fragment retracted and analyzed by GC-MS. GC-MS was performed with an Agilent 6890 inert gas chromatography system. A capillary column 60 m 0.32 mm , Agilent 123-1065 DB-1, coated with 5.0 µm film 100% dimethylpolysiloxane was used for separation. High purity helium was used as a carrier gas with a flow-rate of 1.0 mL/min. Splitless injection was selected and the temperature of the injection port was heated to 250 . We set the GC oven to 40 and held this temperature for 1 min. After that, we set the temperature gradient to 10 /min and held the temperature at 280 for 20 min. The detection method was GC/MS-Full Scan and the scan range was 30-300 m/z.
RESULTS AND DISCUSSION
The phylogeny of Bacillus strain TM-I-3
A homology search by BLAST to the bacterial identification DNA database DB-BA 10.0 and GenBank/ DDBJ/EMBL showed that the 16S rDNA base sequence of strain TM-I-3 has a high homology with strains of Bacillus. Specifically, TM-I-3 has the highest homology 99.1-99.3% to the three accession numbers of Bacillus sporothermodurans M215 U49078, U49079, U49080 . It has been reported that Bacillus sporothermodurans M215 has 16S rDNA gene regions containing the three different sequences in its complete genome sequence Pettersson et al., 1996 . As a result
Antifungal activity without direct contact with the subject
A total of 1.5 g of perlite powder inoculated with TM-I-3 was incubated at 37 for at least 3-4 h on standard nutrient agar. We then fixed the prepared, inoculated, standard nutrient agar to the bottom of a 10-L plastic container W21.6 D30.9 H23.8 mm and potato dextrose agar medium with each tested fungus applied, on the opposite side, affixed to the top of the container FIG. 1 . The plastic container was incubated at 27 for 7 d. After 7 d-incubation, the area of every fungal colony was measured using a Foxit Reader®. The inhibition ratio of TM-I-3 strain on each tested fungus was estimated using equation 1 :
Where A 0 is the gross area of the fungus in proximity to sterilized perlite and A is the gross area of the fungus in proximity to perlite inoculated with TM-I-3.
Analysis of the compounds emitted by TM-I-3
Approximately 0.01 g of perlite powder inoculated with TM-I-3 was added to a 2-mL sample vial, which was incubated at 37 for about 1 h. A Carboxen/ PDMS film fiber was used to pierce the sample septum and exposed in the vial at 37 for 1 h. The film was FIG. 1 Structure of the experimental equipment used to measure antifungal activity without direct contact with the subject, as viewed from the side. Standard nutrient agar topped with 1.5 g of perlite powder inoculated with TM-I-3 is placed at the bottom of a 10 L plastic container is. As a control group, sterilized perlite powder is used. On the opposite side, affixed to the top of the container, is placed potato dextrose agar on which each fungus is applied. This equipment is incubated at 27 for 7 d and the growth of the fungus is observed. However, the properties of oxidizing D-glucose, D-fructose, salicin, cellobiose, and hydrolyzing gelatin are different from those of Bacillus sporothermodurans M215.
Therefore, we presume that TM-I-3 is a novel species of Bacillus showing relatedness to Bacillus sporothermodurans but its 16S rDNA base sequence and physiological and biochemical properties differ.
The evaluation of antifungal activity
The results of the antifungal test of TM-I-3 in direct contact with the subject show that there is no significant difference between the gross areas of the control group with perlite and the experimental group with perlite inoculated with TM-I-3 in all tested fungi FIG. 4 and  FIG. 5 . It is therefore inferred that strain TM-I-3 does not produce an antibiotic in soluble form to inhibit fungi.
However, the antifungal test of TM-I-3 without direct contact with the subject shows that the gross area of the experimental group with perlite inoculated with strain TM-I-3 is significantly lower in all tested fungi than in the control group with perlite FIG. 6 and  FIG.7 . The percentage inhibition, calculated by Equation 1 , for each fungus, Aspergillus fumigatus, Cladosporium cladosporioides, and Penicillium expansum, with perlite inoculated with strain TM-I-3 was 88.2%, 100%, and 96.4%, respectively. It is therefore presumed that strain TM-I-3 produces volatile substances, which inhibit fungi remotely.
Our results demonstrated possible efficiency in inhibiting the generation of Cladosporium cladosporioides, which is a common fungal contaminant of household products, using TM-I-3 without direct contact with the fungus. Additionally, we suggest that it would be possible to prevent the growth of Penicillium expansum, which causes food contamination during transportation, using TM-I-3. Further, there is a possibility of inhibiting of molecular systematic analysis based on the 16S rDNA sequence using the top 15 base sequences by homology search to the bacterial identification DNA database DB-BA 10.0, TM-I-3 was found to have a molecular phylogenetic position that is different from the accession numbers of Bacillus sporothermodurans M215  FIG. 2 . The physiological, morphological, and biochemical properties of Bacillus strain TM-I-3
The results of physiological and biochemical studies indicate that TM-I-3 is a gram-positive, aerobic, sporebearing, rod-shaped, catalase-positive, oxidase-positive, and motile bacterium TABLE 1 and FIG. 3 . These properties are in accordance with those of Bacillus. However, the results of the API 50 CHB tests showed that TM-I-3 oxidizes D-ribose, D-glucose, and D-fructose but not D-xylose, L-xylose, and D-galactose TABLE 2 . Moreover, this bacterium hydrolyzes gelatin but does not show urease activity, produce acetoin, or restore nitrate TABLE 2 . An additional test showed that TM-I-3 grows under a temperature of 20 and 50 on 5% NaCl but not in anaerobic conditions Ryssel et al., 2009 . It has been already clarified that propanoic acid is an effective component used as an antibacterial feed additive as well as a food preservative Haque et al., 2009 . It is also known that isovaleric acid and 2-meth-Aspergillus fumigatus, which causes pulmonary aspergillosis, leading to the prevention of lung diseases Yamaguchi et al., 2015 .
Analysis of volatile components by GC/MS
The GC/MS analysis shows that the chemical components emitted by strain TM-I-3 include acetic acid, propanoic acid, isovaleric acid, 2-methylbutanoic acid, and benzaldehyde TABLE 4 and FIG. 8 . It is reported that acetic acid has a wide microbiological spectrum and excellent antimicrobial activity, especially with infectious gram-negative bacteria such as P. The present results suggest that the antimicrobial compounds emitted from strain TM-I-3 target fungi remotely and inhibit their proliferation, exhibiting efficient antimicrobial action. Further studies quantifying these components are needed in order to examine whether multiple volatile compounds lead to additive or synergistic antifungal effects. 
